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SEA CUCUMBER CAROTENOID LIPID 
FRACTIONS AND PROCESS 

This application claims the bene?t of copending provi 
sional application 60/035,940, ?led Jan. 21, 1997. 

FIELD OF THE INVENTION 

The invention relates to processes for extraction of 
carotenoid-lipid fractions, especially canthaxanthin-bearing 
fractions, from the marine echinoderm, sea cucumber, and 
especially, the orange-footed sea cucumber, Cucumaria 
frona'osa. Other lipid fractions are removed in conjunction 
With the same process Which provide a novel source of the 
omega-3 fatty acids and tochopherols. Finally, the process 
produces an odorless, tasteless protein meal. 

BACKGROUND AND PRIOR ART 

Aquaculture is noW a major industry in the United states 
and the World. Many species groWn in arti?cial environ 
ments require the addition of carotenoids to their diets, 
especially astaxanthin and canthaxanthin. It has been 
thought by those familiar in the industry that carotenoids 
natural to the species’ environment are preferable to syn 
thetic pigments. The production of natural carotenoids from 
natural sources such as phaffia yeast and marine microbial 
algae and craW?sh shell address this industry need for 
natural pigments. 

It is also of importance to ?nd economically feasible 
means to dispose of various pigment bearing Waste streams 
such as those of craW?sh, crab, and noW, sea cucumber gut 
material. Because the sea cucumber gut material is noW 
knoWn to be a rich source of usable pigments, there existed 
a potential to produce those isolated pigments and related 
lipid fractions from the sea cucumber industry Waste mate 
rials provided that a method suitable for a large-scale 
operation could be found. 

Carotenoids from sea cucumbers have been mentioned in 
various scienti?c journal articles, to Wit: 
Matsuno, et al reported the occurrence of astaxanthin as the 

major carotenoid in the gonads of the sea cucumbers 
Holothuria leucospilota and Stichopus japonicus, and 
beta carotene, echinenone, canthaxanthin and Zeaxanthin 
Were identi?ed from the gonad of H. leucospilota and S. 
japonicus. On the other hand, astaxanthin and the esters, 
canthaxanthin, phoenicoxanthin, and ochincnone, Were 
isolated by Bullock and DaWson from the red body Wall 
of Psulus fabrichii. M. Tsushima, et al reported on the 
novel marine di-Z carotenoids, cucumariaxanthins A, B 
and C from the Sea cucumber Cucumbaria japonica. J. 
Findlay, et al reported on canthaxanthin from the species, 
Cucumaria frondosa. None of these reports provide any 
means Whereby to utiliZe such carotenoids for any aquac 
ulture or medical or healthfood industry, and none provide 
methods to concentrate such pigmented lipid fractions. 
The US. Pat. No. 4,692,280 by Spinelli, Stout, and 

Nilsson describe a method for obtaining puri?ed ?sh oils 
using supercritical carbon dioxide, and is included herein by 
reference. This patent does not disclose a means of obtaining 
sea cucumber lipid fraction puri?cation through the super 
critical puri?cation methodologies set forth in the patent. 
US. Pat. No. 4,495,207 provides a method of extracting 
lipids from corn germ. Essentially the same methodologies 
Were used by the inventor to extract lipids from sea cucum 
ber tissue as is set forth in US. Pat. No. 4,495,207 and is 
included herein by reference. 

Thus, there is no prior art for the ef?cient and large scale 
removal of lipid fractions, and non directed at obtaining 
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2 
usable carotenoid or non carotenoid lipid fractions of sea 
cucumber tissue. 

OBJECTS OF THE PRESENT INVENTION 

It is an object of the present invention to provide a means 
to recover usable pigmented lipid fractions and pigment-free 
lipid fractions from the intestinal gut material, and body Wall 
from sea cucumbers, especially from the species Cucumaria 
frona'osa. It is a further object of the present invention to 
disclose a composition of matter Which is the pigmented 
lipid fraction and a de-pigmented lipid fraction resulting 
from such means of recovery. The resultant pigmented lipid 
fraction contains approximately 600 to 5,000 parts per 
million of carotenoid and is useful in the aquaculture indus 
try as a feed ingredient. The resultant non-pigmented lipid 
fraction contains vitamin E and Omega-3 fatty acids here 
tofore unknoWn in the marine oil sciences, and is useful as 
a topical application in mammals in need of such fatty acids, 
or encapsulated into soft gel capsules suitable for human 
consumption. The dry, proteinaceous meal is high in protein 
and polysaccharides and is suitable for inclusion in animal 
feeds as a source of protein and minerals. 

THE INVENTION 

These and other objects are accomplished in accordance 
With the present invention embodying a process, the steps of 
Which include, in combination: 
a. Separating gut material from the processed sea cucumber 
by hand or machine. Hand separating involves cutting the 
animal With a knife and physically removing the intes 
tines. Machine cutting involves any mechaniZed embodi 
ment Wherein automated cutting tools are able to cut open 
the animal Whereby the intestines are available for 
removal. 

b. The proteinaceous/lipid gut material is pretreated after 
separation from the animal With suf?cient acid to loWer 
the pH of the material to Within a range of from about 4 
to about 5.5 preferably about 4.3 to about 4.7 to suppress 
microbial degradation, demineraliZe the mass and 
improve overall red carotenoid pigment recovery during 
the subsequent extraction With solvent or combinations of 
solvents. 

c. In one method of processing, the proteinaceous/lipid gut 
material is mixed With acetone, alcohol or similar solvent 
in 3:1 solvent to material ratio and then agitated, for 24 
hours or until suf?cient pigment has released from the gut 
material to the solvent. 

d. The acetone or other solvent is decanted off of the 
remaining gut material and the gut material is Washed 
subsequently four or more times With clean solvent to 
remove remaining carotenoids. 

. The remaining gut material is centrifuged to purge remain 
ing solvent, or heated in a closed vessel and the solvent 
reclaimed by methods knoWn to those in the arts. 

. The pigment bearing acetone or solvent is pumped to a 
‘Wiped ?lm evaporator’ as is knoWn in the oil chemists’ 
arts and the pigment is retained and sequestered and the 
solvent is reclaimed. 

g. The resultant lipid pigment fraction is a mixed carotenoid 
of canthaxanthin, cucumariaxanthin, astaxanthin, and 
Zeaxanthin. The major carotenoid is canthaxanthin in the 
example of Cucumaria frona'osa. 

h. The resultant pigmented lipid fraction can be stabiliZed 
With knoWn antioxidants as are knoWn in the arts. 

g. The remaining gut material is then dried and extracted 
With hexane, butane, supercritical carbon dioxide, or 
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similar solvent to remove a golden oil essentially free of 
pigments. The resultant remaining dry proteinaceous 
material free of lipids is high in protein and polysaccha 
rides and is suitable for inclusion into animal feeds. This 
proteinaceous de-lipidiZed meal is unique in the marine 
?sh-meal industry inasmuch as it is both de-pigmented, 
de-lipidiZed, is high in usable protein, and is essentially 
free of odoriferous contaminants. It is easily manufac 
tured into poWder. 
In another embodying process of the present invention, 

the separated sea cucumber guts are dried after being acidi 
?ed as described in the previous method. The drying process 

can be loW (60—80 heat or higher heat (150—200 Without effecting the target lipid fractions or carotenoids. 

This embodying process Which includes drying the gut 
material is further accomplished by steps Which include, in 
combination: 
a. Subjecting the dried gut material Which has a moisture 

content of less than approximately 10% to a standard 
“oil-recovery procedure” With hexane or other suitable 
solvent knoWn to those skilled in the arts, Wherein the dry 
gut material is mixed at 1:1 ratio at 130 F. for 5 minutes 
and then drained. The extracted product is then Washed 
three times With fresh solvent. The solutions containing 
the carotenoid is desolventiZed in a Wiped ?lm (LuWa and 
Pope) evaporator at 95 C. and 28 inches Hg vacuum. 

b. Sequestering the solvent/lipid phase into containers 
designed for such use and freeing said solvent/carotenoid 
mixture from carotenoid oil phase by standard “steam 
stripping” or by “Wiped ?lm” oil technology. 

c. Treating such oil phase With anti-oxidants Which are 
knoWn to those skilled in the arts such as 6-ethoxy-1,2 
dihydro-2,2,4-trimethylquinoline (Ethoxyquin, 
Monsanto) at betWeen 300 to 600 parts per million or 
vitamin E at approximately 1 percent. 

d. Subjecting the red pigmented oil thus obtained to a 
degumming process by the addition of 1% Water to the oil 
then alloWing to hydrate for 30 mintes and then centri 
fuging at 8000 rpm at 150 F. 

e. Recovering the concentrated pigment in the folloWing 
manner: 

The degummed oil is ?rst pretreated With 0.5% silica gel 
(Trysil 600, Grace Co.), heated to 180 F. and then 
?ltered out using 6 micron ?lter paper. The recovery of 
the color is conducted by adding 5 percent bleaching 
(activated) clay (Englehard 105) to the pretreated oil 
and the oil is then heated to 220 F. for 20 minutes at 28 
in Hg of vacuum. The resulting oil is light yelloW color 
and most of the pigment is adsorbed in the bleaching 
clay. The resulting clay is then extracted With acetone 
1:2 clay to solvent ratio and Washed tWice. The result 
ing solution is then desolventiZed in an evaporator 
(Rotovap) at 90 C. and 29 in Hg vacuum. 

f. Determining the carotenoid content of extracted concen 
trate by standard HPLC methods knoWn to those skilled 
in the arts. Concentrated pigment extracted by this present 
invention is suitable for inclusion in aquatic diets and 
contains parts per million of carotenoids canthaxanthin at 
betWeen 2,000 and 5,000, depending on the carotenoid 
content of the original material. 

g. Stabilizing de-pigmented lipid from the carotenoid extrac 
tion procedure by the addition of vitamin E or other 
suitable antioxidants knoWn to those in the arts, at 
betWeen 1 and 5% by Weight. 

h. Encapsulating de-pigmented lipid fraction from the caro 
tenoid extraction procedure of sea cucumber intestinal 
mass subsequently in “soft-gel” capsules of 500 to 1000 
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milligrams, or packaging into suitable containers for oral 
and topical administration to mammals. Topical adminis 
tration products can be obtained by any combination of 
emollients combined With the non-pigmented lipid 
fraction, depending on desired effect in a speci?c or 
general condition. 

g. Incorporating said pigmented lipid fraction, depending 
upon parts per million of carotenoid, into aquatic diets at 
a percentage of such food suf?cient to produce carotenoid 
deposition into ?esh or skin. 
It is an object of the present invention to disclose a 

composition of matter comprising a carotenoid lipid fraction 
obtainable from sea cucumber gut material Which contains 
varying percentages and parts per million, depending on 
environmental factors, of astaxanthin, and canthaxanthin. 
One of the carotenoid lipid fraction so disclosed Was deter 
mined to contain 4,706.52 parts per million of canthaxanthin 
by spectrophotometric analysis. The chromatograph is 
attached hereto as FIG. 1. FIG. 1 shoWs a chromatogram 
Which Was obtained from a Beckman DU-800 Chromato 
graph of the acetone extracted carotenoid lipid fraction of 
fresh sea cucumber gut material having a calculated ppm of 
4,706.52 carotenoid content. TWenty three milligrams of 
acetone extracted carotenoid lipid fraction Was diluted With 
10 ml of petroleum ether With an extinction coef?cient of 
E=2400, and read at 467 nm for canthaxanthin. 

It is a further object of the present invention to disclose a 
composition of matter comprising the sea cucumber gut lipid 
fraction essentially free of carotenoids. This non-pigmented 
lipid fraction is unique and hitherto not described in the 
literature. It is relatively odorless; contains signi?cant 
amounts of the omega 3 fatty acid, EPA (Eicosapentanoic 
acid); and contains vitamin E. 
The Gas Chromatograph and Mass spectrometer data 

appears in FIG. 2. FIG. 2 is the GC/MS of the de-pigmented 
lipid fraction after extraction of carotenoids by the means of 
activated clay transference, and Was performed With High 
Pressure Liquid Chromatograph analysis (HPLC). The 
HPLC Was carried out according to Vecchi and Muller 
(1979) on a Dupont 830 LC equipped With a Varian 634 
detector at 481 nm, at ca 1200 psi, column Spherisorb 
S-5CN, hexane/isopropyl acetate/acetone 76:17:7 as mobile 
phase, ?oW 1.5 ml/min. The de-pigmented lipid fraction Was 
?rst saponi?ed to free fatty acids using sodium methoxide, 
as is standard in the lipid analytical arts, and then acidi?ed, 
and then converted to methyl esters. Subsequent synthetic 
metheyl esters thus produced Were compared to standard 
pro?les of fatty acids from knoWn reference libraries. Table 
1 compares the percentage of match of the fatty acids from 
the sea cucumber de-pigmented lipid fractions With knoWn 
fatty acid pro?les. 

TABLE 1 

Peak Compound from Library % Match 

A tetradecanoic acid, methyl ester 97 
B 2-nathol, 8-amino 64 
C pentanamide 49 
D pentadecanoic acid, methyl ester 91 
E pentadecanoic acid, methyl ester 98 
F hexadecanoic acid, methyl ester 43 
G pentadecanoic acid, 4—methyl—, me 64 
H hexadecanoic acid, methyl ester 41 
I hexadecanoic acid, me 87 
J 7-hexadecanoic acid, me 99 
K 9-hexadecanoic acid, me 98 
L pentadecanoic acid, 14—methyl—, me 93 
M hexadecanoic acid, 14—methyl—, me 93 
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TABLE 1-continued 

Peak Compound from Library % Match 

N hexadecanoic acid, 15—methyl—, me. 78 
O 1,2,8-dodecatriene, (E,E,E)— 94 
P 10,13-octadecadienoic acid, me. 98 
Q 9-octadecenoic acid (Z)—, me. 99 
R 7-octadecenoic acid, me. 99 
S octadecanoic acid, me. 98 
T methyl eicosa-5,8,11,14,17-pentaenoate 80 
U 7-hexadecenoic acid, m.e. (Z) 91 

It is a further object of the present invention to disclose a 
composition of matter comprising the sea cucumber gut 
material Which has been de-lipidiZed through the method 
herein described. This material is unique inasmuch as it is 
essentially free of odor, high in protein, and is easily made 
into useable poWder. The tWo examples Which immediately 
folloW are illustrative of typical runs selected from a number 
of runs made using the differing techniques and solvents. 
Body Wall tissues once dry, contain extractable lipid 
fractions, and the inventor has sequestered same by means 
similar to those herein described. The lipid fraction content 
of body Wall tissues is much less, however, than gut 
material, at about 1 to 2% of total dry Weight of body-Wall 
tissue. 

Fresh sea cucumber gut material from cucumaria fron 
dosa Was also shoWn by the inventor to be extractable With 
hot edible oil as per method of Meyers and Chen (Extraction 
of Astaxanthin Pigment from CraW?sh Waste Using a Soy 
Oil Process, Journal of Food Science; Vol. 47, 1982). US. 
Pat. No. 4,505,963, also of Meyers and Chen, discloses an 
industrial means whereby craW?sh carotenoid pigments are 
extracted from processing Waste utiliZing hot oil. Although 
the applicability of this industrial method differs in various 
Ways from a ‘hot oil’ method possible using fresh sea 
cucumber gut material as a primary resource, the process is 
essentially the same. US. Pat. No. 4,505,963 is includes 
herein by reference. 

EXAMPLE 1 

One hundred pounds of fresh sea cucumber gut material 
Was mixed With approximately ?fty-?ve gallons of acetone 
and agitated at room temperature for three house in a 300 
gallon closed vessel. The acetone Was drained from the 
mixture into a containment vessel and fresh acetone Was 
Washed over the gut material until little pigment color Was 
obtained. The acetone Was pumped through a Wiped ?lm 
evaporator (Pope Still) and the Water included in the acetone 
mixture and the acetone Was separated from the pigmented 
lipid fraction and re-claimed. The acetone Was salvaged and 
the Water phase Was discarded. 

The resulting lipid fraction (0.63 pounds) had a heavy 
grease consistency and 4,700 parts per million of the caro 
tenoid canthaxanthin. The antioxidant, 6-ethoxy-1,2 
dihydro 2,2,4-trimethylquinoline (Ethoxyquin, Monsanto) 
Was added to the lipid phase and mixed at 1% by Weight. 

The heavy lipid fraction containing carotenoid material 
(Red Grease) Was determined to contain 4,700 parts per 
million of canthaxanthin by HPLC analysis and Was incor 
porated into standard ornamental ?sh feed Which had had the 
commercial carotenoid material removed. The ?sh feed 
contained 80 parts per million “Red Grease material.” 
CloWn?sh Were fed an experimental diet of this feed for tWo 
months and Were judged by a panel of 5 judges giving an 
average number score of 8.5 (on a scale from 1 to 10, With 
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6 
‘10’ being a very acceptable color deposition), to have 
deposed acceptable color to their skin. 

EXAMPLE 2 

Sea cucumbers (1000) of the species Cucumaria frona'osa 
Were eviscerated by hand and the gut material (352 pounds) 
Was dried by loW heat means at 70 degrees F. for 4 days in 
a seafood dryer (SouthWind, Nova Scotia). Prior to drying, 
Propionic acid Was added to the fresh, Wet sea cucumber gut 
material at 7.2% by Weight. The resultant dried material (105 
pounds) contained 10% moisture and 51% lipids. The dry 
gut material Was then subjected to hexane extraction of the 
lipid fraction as per industry standards in a 200 gallon closed 
vessel, essentially the same process used in the soybean oil 
industry, and a red lipid fraction (42 pounds) containing 
824.5 parts per million carotenoid judged as canthaxanthin 
With 8.8% eicosapentanoic fatty acid Was produced. This 
lipid fraction also contained 35 IU d-alpha tochopherol per 
100 grams. The red lipid fraction (oil) Was then degummed 
by the addition of 1% Water to the oil then alloWing to 
hydrate for 30 minutes and then centrifuged at 8000 rpm at 
150 F. 

The degummed oil (sea cucumber gut lipid fraction) Was 
?rst pretreated With 0.5% silica gel, heated to 180 F. and then 
?ltered out using 6 micron ?lter paper. The recovery of the 
color Was conducted by adding 5 percent bleaching clay to 
the pretreated oil. The oil Was heated to 220 F. for 20 
minutes at 28 in Hg of vacuum. The resulting oil (34 pounds) 
Was light yelloW color and most of the pigment Was 
adsorbed in the bleaching clay. The resulting clay Was then 
extracted With acetone 1:2 clay to solvent ratio and Washed 
tWice. The resulting solution Was then desolventiZed in a 
LuWa evaporator at 90 C. and 29 in Hg vacuum and 8 
pounds of red lipid fraction concentrate Was recovered. 

The process resulted in three materials; a yelloW/gold oil; 
a concentrated red carotenoid-bearing lipid fraction; and a 
dry protein poWder Without lipids. The yelloW lipid fraction 
Was incorporated into a topical cosmetic and an oral “nutra 
ceutical” marine “Omega 3 lipid” product. The red concen 
trated lipid fraction Was incorporated into an ornamental ?sh 
diet for one month to determine the effectiveness of the 
carotenoid at producing suitable color to such ?sh. 

Five Pearlgami ornamental ?sh Were fed an experimental 
diet into Which the sea cucumber concentrated pigment Was 
added to produce a feed Which contained 91 parts per million 
pigment. The ?sh Were fed ad libitum for one month and 
Were judged according to the acceptability of skin color 
deposition by a panel of 6 judges. Judges scores averaged 
9.1 as per acceptability of the ?sh fed the experimental diet 
containing sea cucumber carotenoids. 

EXAMPLE 3 

The above extractions Were also carried out using super 
critical carbon dioxide as an extracting solvent as is knoWn 
in the arts. These experiments obtained essentially the same 
lipid fractions as hexane and lique?ed propane. 

It is apparent that various modi?cations and changes can 
be made Without departing the spirit and scope of the 
invention. 
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Having described the invention, What is claimed is: 
1. Aprocess for the large-scale extraction of usable lipid 

fractions from sea cucumber tissue comprising: 

a. extraction of guts of sea cucumber by hand or machine 

b. an acidifying step of a pH of betWeen 4 to 5.5 of the sea 
cucumber gut material 

c. a step of drying the acidi?ed sea cucumber gut material 

d. extracting total lipid fraction from acidi?ed dry gut 
material by either hexane, lique?ed propane, super 
critical carbon dioxide, or combinations of the above. 

2. The process of claim 1 further comprising the steps of 
extraction of carotenoid pigmented lipid fractions from total 
lipid fractions of sea cucumber gut material by the use of 
activated clay. 

3. The process of claim 1 Wherein the extraction is With 
liquid propane. 

4. The process of claim 1 Wherein the extraction is With 
super-critical carbon dioxide. 

5. The process of claim 1 Wherein the extraction is With 
hexane. 

6. Aprocess for the large-scale extraction of usable lipid 
fractions from sea cucumber tissue comprising: 

a. extraction of guts of sea cucumber by hand or machine, 

b. acidifying the guts to a pH betWeen 4 and 5.5 
c. extraction of total carotenoid lipid fraction from the 

acidi?ed sea cucumber guts With acetone or 

b. extraction of total sea cucumber carotenoid lipid frac 
tions into an edible oil by a “hot oil” industrial process. 
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7. A method for pigmenting ?shes in need of same by the 

inclusion of sea cucumber carotenoid lipid fraction into diets 
as an additional component of such diet. 

8. Aprocess of claim 7 for pigmenting ?shes Wherein the 
sea cucumber carotenoid lipid fraction is concentrated by the 
use of activated clay and acetone. 

9. A method of obtaining a sea cucumber lipid fraction 
containing Omega-3 fatty acids and no carotenoids by: 

a. contacting sea cucumber carotenoid bearing lipid frac 
tion With activated clay under vacuum and heat 

b. separating and extracting clay fraction With acetone to 
obtain concentrated carotenoid fraction 

c. separating clay/carotenoid fraction from remaining 
lipid fraction to obtain a carotenoid-free lipid fraction. 

10. Acomposition of matter comprising a carotenoid lipid 
fraction obtained through acetone extraction of fresh acidi 
?ed sea cucumber gut material. 

11. A composition of matter comprising sea cucumber 
lipid fractions With no carotenoid material obtained by the 
folloWing methods: 

a. contacting red carotenoid-bearing sea cucumber lipid 
fraction With activated clay or similar suitable material 
or material Which adsorbs the pigments 

b. separating such activated clay from remaining lipid 
fraction solution Which is essentially free of caro 
tenoids. 

12. A method of obtaining an essentially odorless and 
tasteless proteinaceous sea cucumber gut meal Which is dry 
and free of lipid fractions obtained by extracting sea cucum 
ber gut material With solvents to remove total lipids, and 
drying residue to less than 10% moisture. 

13. A composition of matter consisting of dry proteina 
ceous de-lipidiZed gut material of the sea cucumber Cucu 
maria frondosa extracted by the following methods: 

a. extracting guts from sea cucumber organism and drying 
such sea cucumber gut material 

b. extraction of lipid fractions by means of solvent 
c. drying of solvent free material. 


